. In this chapter, we aim primarily to contribute to the second problem related to the automation of mapping approaches to identify relations between terminologies. The remainder of the chapter is organized as follows: in section 2 we start by a panel of several biomedical terminologies (including classifications, controlled vocabularies, taxonomies, . . .etc).
Some projects (UMLS and the HMTP) for integrating medical terminologies and ontologies are described in the section 3. The section 4 is devoted to background on terminology and on ontology alignments methods, mainly semantic and syntactic ones. The methods we propose are developed in the section 5. Alignments of specific terminologies are presented in the section 6 and the section 7 displays the global results we have obtained. The section 8 gives several uses of the alignments through the HMTP, mainly for information retrieval and automatic translation. Finally some related work and discuss the results we have obtained and conclude this study in sections 9 and 10.
Panel of biomedical terminologies and their use 2.1 Terminology definition
A terminological system links together concepts of a domain and gives their associated terms, and sometimes their definition and code. It might take the designation of terminology, thesausrus, controlled vocabulary, nomenclature, classification, taxonomy or ontology. In (Roche, 2005) , terminology was defined as a set of words. A more precise definition of terminology was given in (Lefevre, 2000) : "Terminologies are a list of terms of one area or a topic representing concepts or notions most frequently used or most characteristic". Thereby, the content and the structure of a terminology depend on the function for which this terminology will be used.
A terminology in which the terms are for example organized alphabetically and in which the concepts may be designed with one or several synonyms is a thesaurus. When the terms are associated to definitions, it constitutes a controlled vocabulary.A nomenclature is a terminology in which the terms are composed according to pre-existing rules. When hierarchical relations are introduced between concepts, it is a classification. A classification is the exhaustive organization of the concepts of a domain into classes, according to their distinctive characteristics. The classes are mutually exclusive and organized hierarchically from the most generic to the most specific. In classifications, one can find classes denoted "No Otherwise Specified" which gather terms that cannot be classified elsewhere. A taxonomy is a classification in which the classes have only hierarchical relations of generic type.
In medical terminologies, specific terms are used to specify concepts of the domain. Relations can also exist between terms. For example, generalization and specialization relations (is-a) exist in several terminologies to rank terms from the more general to the more specific, and partitive ones (part-of) designs which term designates a part-of another one. In terminologies, concepts can be designated by several different terms. A Preferred Term (PT) is the term describing a unique medical concept in terminology. The PT is defined as less ambiguous, more specific and self-descriptive as possible. As a continuum with terminology, an ontology is a "formal, explicit specification of a shared conceptualization for a domain of interest" (Gruber, 1993) . Usually, an ontology is organized by concepts and identifies all possible inter-relations. Ontologies are used to facilitate communication among domain experts and between domain experts and knowledge-based systems. This is done to reflect the expert view of a specific domain. The difference with terminology, is mainly in knowledge representation language, which is formal in the case of ontology.
The main medical terminologies
In this section we describe several terminologies. As explained in the introduction, each terminology is developed for a particular use. The following terminologies are the most known in the domain of health:
• the main thesaurus used for medical information is the Medical Subject Headings (MeSH ® ) (Nelson et al., 2001 ) maintained by the U.S. National Library of Medicine. It consists of a controlled vocabulary used for indexing the content of health documents and it is available in 41 languages, including 26,000 MeSH Descriptors, 83 MeSH Qualifiers and 200,000 MeSH Supplementary Concepts (MeSH SC) ; Will-be-set-by-IN-TECH
• The Systematized Nomenclature Of MEDicine (SNOMED) International is used essentially to describe electronic health records (Côté et al., 1993) , and is a standard for electronic health records (Cornet & de Keizer, 2008 ); • Medical Dictionary for Regulatory Activities (MedDRA), for adverse effects (Brown et al., 1999 ); • Logical Observation Identifiers Names and Codes (LOINC) (Cormont et al., 2011) Concerning diseases, the ORPHANET thesaurus is available in five languages (English, French, Spanish, Italian and Portuguese). It describes rare diseases, including related genes and symptoms (Aymé et al., 1998) . The MEDLINEPlus thesaurus (Miller et al., 2000) is a thesaurus for lay people. More formal representations exist. For example :
• Foundational Model of Anatomy (FMA) Rosse & Mejino, 2003) which describes anatomical entities.
• Human Phenotype Ontology (HPO) (Robinson & Mundlos, 2010) In France, the Joint Classification of Medical Procedures (CCAM) (Rodrigues et al., 1997) and ICD10 are mandatory for epidemiological and medico-economic purposes for all private and public health care institutions. The International Classification of Primary Care, Second edition (ICPC2) 7 and French dictionary for outpatients (DRC) 8 are two classifications for family medicine and primary care respectively designed by the World Organization of National Colleges (WONCA), Academies, and Academic Associations of General Practitioners/Family Physicians) and the French Society of Family Medicine (SFMG)). Two French terminologies exist to describe medical devices: LPP 9 and CLADIMED 10 . LPP is the list of medical devices from the French National Health Insurance and CLADIMED is a five level classification for medical devices, based on the ATC classification approach (same families). Devices are classified according to their main use and validated indications. Another original way to represent medical concepts is the use of a graphical language based on pictograms, icons and colors with compositional rules (Lamy et al., 2008) . We have presented a few examples of existing terminologies and their use. Development of techniques to allow semantic interoperability between these knowledge sources of heterogeneous formats and contents. In the following section we describe projects developed in the US and in France that have proposed efficient ways to connect several terminologies of different use, languages and formats.
Integrating medical terminologies for interoperability

The Unified Medical Language System (UMLS) Project
The richest source of biomedical terminologies, thesauri, classifications is constituted by the Unified Medical Language System (UMLS) Metathesaurus (Lindberg et al., 1993) initiated by the U.S. NLM (National Library of Medicine) with the purpose of integrating information from a variety of sources. It is a way of overcoming two major barriers to efficient retrieval of machine-readable information: (i) the different expression of the same concepts in different machine-readable sources and by different people; (ii) the distribution of useful information between databases and systems. The purpose of UMLS is to facilitate the development of computer systems that use the biomedical knowledge to understand biomedicine and health data and information. To that end, the NLM distributes two types of resources for use by system developers and computing researchers:
• The UMLS Knowledge Sources (databases) integrates over 2 million names for some 900,000 concepts from over 154 biomedical vocabularies from 60 families of vocabularies, as well as 12 million relations between these concepts used in patient records, administrative data, full-text databases and expert systems (Bodenreider, 2004) . There are three UMLS Knowledge Sources: the Metathesaurus, the Semantic Network and the SPECIALIST Lexicon.
• Associated software tools to assist developers in customizing or using the UMLS Knowledge Sources for particular purposes. Some of the tools included are for example MetamorphoSys (a tool for customization of the Metathesaurus), Lexical Variant Generator (LVG) for generation of lexical variants of concept names or MetaMap (for extraction of UMLS concepts from texts).
The UMLS Metathesaurus is a very large, multi-purpose, and multilingual vocabulary database that contains information about biomedical and health-related concepts, their various names, and the relationships between them. It is built from the electronic versions of many different thesauri, classifications, code sets, and lists of controlled terms used in patient care, health services billing, public health statistics, biomedical literature indexing and cataloging, and health services research. All the terminologies are under a common representation. The Metathesaurus creates concepts from the various sources and assigns each concept a Concept Unique Identifier (CUI). A CUI may refer to multiple terms from the individual terminologies. These concepts are labeled with Atomic Unique Identifiers (AUIs (Darmoni et al., 2009b; Grosjean et al., 2011 The HMTP includes also a CISMeF thesaurus (Douyère et al., 2004) , which is an extension to the MeSH thesaurus, includes 130 metaterms (super-concepts to unify MeSH terms of the same medical discipline), 300 resource types (adaptation to the Internet of the publication types), over 200 predefined queries and the translation of 12,000 MeSH Scope Notes (8,000 manually and the rest semi-automatically). To fit all the terminologies into one global structure and allow semantic interoperability, a generic model compliant with the terminology ISO model was designed. It was established around the "Descriptor" which is the central concept of the terminologies (aka "keyword"). The HMTP is a "Terminological Portal" connected to generic model database to search terms among all the health terminologies available in French (or in English and translated into French) and to search it dynamically. The ultimate goal is to use this search via the HMTP in order to: (i) manually or automatically index resources in the CISMeF catalog; (ii) allow multi-terminology information retrieval (Darmoni et al., 2009b; Soualmia et al., 2011) .
It can also be very useful in teaching or performing audits in terminology management. Currently, the HMTP allows users to access 32 terminologies and classifications. Some of those are included in the UMLS meta-thesaurus (n=9) but the majority are not (n=23) such as the ORPHANET thesaurus (Aymé et al., 1998) , DRC (Ferru & Kandel, 2003) , IUPAC 11 . Table 1 lists most of the terminologies included in the HMTP and table 2 displays the number of descriptors and relationships included.
Semantic integration through alignments
Methods for aligning terminologies and ontologies
Ontology alignment is the task of determining correspondences between concepts of different ontologies. A set of correspondences is also called an alignment Historically, the need for ontology alignment arose out of the need to integrate heterogeneous databases developed independently and thus each having their own data vocabulary. As terminology is a kind of ontology the definition of Euzenat stands for Terminology Alignment: the task of determining correspondences, i.e. alignments, between terms. Various studies have investigated automatic and semi-automatic methods and tools to map between medical terminologies to make them "interoperable" . The terminologies themselves are unaffected by the alignment process. Alignment techniques are of particular importance because the manual creation of correspondences between concepts or between terms is excessively time consuming. According to (Shvaiko & Euzenat, 2005) there are two major dimensions for similarity: the syntactic dimension and the semantic dimension. Syntactic dimension is based on lexical methods and semantic dimension is based on structural and semantic properties of terminologies .
Lexical methods
Lexical methods are based on the lexical properties of terms. These methods are straightforward and represent a trivial approach to identifying correspondences between terms. The use of such methods in the medical domain to achieve mappings was motivated by the fact that most terminologies share many similar terms.
String-based Methods
In these methods, terms or (labels) are considered as sequences of characters. A string distance is determined to compute a similarity degree. Some of these methods can skip the order of characters. Examples of such distances, also used in the context of information retrieval, are: the Hamming distance (Hamming, 1950) , the Jaccard distance (Jaccard, 1901) , Dice Distance (Salton & McGill, 1983) . On the other hand, a family of appropriate measures known as "Edit distance", takes into account the order of characters. Intuitively, an edit distance between two strings is defined as being the minimum number of character inserts, deletes and changes needed to convert one string to another. Levenshtein distance (Levenshtein, 1966) is one example of such distances. It is the edit distance with all costs equal to 1. Another example of such distance is the SMOA distance (Stoilos et al., 2005) which is based on the idea that the similarity between two strings depends on their commonalities and differences. However, these methods can only quantify the similarity between terms or labels. Thus, they produce low (or no) similarity between synonyms term with different structures. For example, the two words "pain" and "Ache" are synonyms, i.e. related semantically as being the same thing, but all the distances presented above cannot identify any links between these two terms. Conversely, these methods find significant similarity between different terms (false positive), such as: "Vitamin A" and "Vitamin B". Language-based Methods In these methods, terms are considered as words in a particular language. They rely on NLP tools to help the extraction of the meaningful terms from a text. These tools exploit morphological properties of words. We distinguish methods which are based on normalization process from those which exploit external knowledge resources such as dictionaries. Normalization methods Each word is normalized to a standardized form that can be easily recognized. Several linguistic software tools are developed to quickly obtain a normal form of strings : (i) tokenization consists in segmenting strings into sequences of tokens by eliminating punctuation, cases, blank characters; (ii) the stemming process consists in analyzing the tokens derived in the tokenization process to reduce them to a canonical form; (iii) the stop words elimination consists in removing all the frequent short words that do not affect the sentences or the labels of terms, phrases such as "a", "Nos", "of". . .etc External-based methods These methods use external resources, such as dictionaries and lexicons. Several linguistic resources exists to found possible mappings between terminologies exist. These methods form the basis of the lexical tools used by the UMLSKS API (section 3.1). They were combined with synonyms from other external resources to optimize mapping to the UMLS. Another external resource largely used in the biomedical field is the lexical database WordNet (Fellbaum, 1998) . 
Semantic (or structural) methods
These methods use the structural properties of each terminology to identify possible correspondences between terms. They consider terminologies as graph were nodes represent terms and edge represent relations established in the terminology between these terms. Most medical terminologies can be represented as graph. Furthermore, these techniques can also be combined with lexšical techniques. The work presented in ) is a good example that illustrating the use of terminology relations to map terms not mapped with lexical methods. This algorithm used the semantic relationships between concepts from different terminologies included in the UMLS. In parallel with the structural properties of each terminology, semantic methods used also semantic similarities to find the closest term.
The main technique consists in computing the number of edges between terms to determine a distance between them. The famous similarity distance is the Wu-Palmer distance (Wu & Palmer, 1994) . This similarity is defined according to the distance between two terms in the hierarchy and also by their positions from the root. Unlike these traditional edge-counting approaches, other methods calculate the similarity according to the most information that two terms share in a hierarchical structure such as: Lin similarity (Lin, 1998) for example, this similarity was combined with a statistical similarity used to compute semantic similarity between CISMeF resources (Merabti et al., 2008) . These similarities can be used to find possible connections between terms or concepts from different hierarchical terminologies, such MeSH or SNOMED Int for example.
Methods for evaluation of mapping results
Although fully automatic alignment might appear as the solution of choice for the interoperability of semantic systems, results provided by fully automatic methods are rarely of sufficient quality. In parallel to mapping methods, several techniques and methods were proposed to evaluate the mapping results produced by several systems. As defined in , the goal of evaluation is to improve the mapping method and to give the user the best tool and method possible for the task. The main evaluation methods are based on the appropriateness and quality of the results, using a Likert scale or measures such as precision, recall, the F-measure and the of mapping. In (Ehrig & Euzenat, 2005 ) the authors proposed a framework for generalizing precision and recall and in ) the author proposed a semantic precision and recall. These improvements were analyzed in (David & Euzenat, 2008) where more adaptations of these two measures to normalized mapping are proposed. In (Euzenat et al., 2011) one can find a panel of systems and results concerning the Ontology Alignment Evaluation Initiative. As in Information Retrieval systems evaluation, this type of evaluation needs a gold standard (GS) dataset. The problem is that these datasets are not available or easy to find or build as stated in (Euzenat et al., 2011) . This is why the majority of evaluations used for our studies described hereafter are based on Likert scales where an expert manually evaluates a small set of mapping results according to specific levels. Nevertheless, the necessity of involving humans in the alignment process using visual interfaces has been outlined in (Kotis & Lanzenberger, 2008 ) within a discourse on ontology alignment challenges. On the same issue, as argued in (Granitzer et al., 2010) visual interfaces can address efficiently the problem of evaluating automatic alignment systems to take advantage of human cognitive capabilities and provide intuitive overview, navigation and detail analysis. Therefore, from next year we are going to offer to experts an evaluation tool connected to our databases to facilitate the evaluation of each automatic mapping. We think that regulated use of this tool can allow us to build a large dataset with valid and non valid mappings between terminologies that can be used to improve our methods.
Proposed methods for aligning medical terminologies
In this section we detail the methods we have developed for aligning terminologies included in the UMLS and HMTP described in section 3. We also detail the methods we have applied to evaluate the mapping results. Two automatic mapping approaches are implemented in the HMTP: conceptual and lexical approach. The former uses the UMLS Metathesaurus to map the terminologies included in the UMLS, whereas the latter exploits natural language processing tools to map terminologies whether or not they are included in the UMLS.
Conceptual approach
This approach is possible if each term to be mapped is included in the Metathesaurus . The principle of the method is based on the conceptual construction of the UMLS Metathesaurus. Three types of mapping could be derived: "ExactMapping", "BroaderMapping" and/or "NarrowMapping" and "CloseMapping" (see Table 3 for examples). This method is inspired by the SKOS (Simple Knowledge Organization System) definitions of mapping properties 12 . Let t 1 and t 2 two terms belong to T 1 and T 2 , two terminologies respectively. Suppose CUI 1 and CUI 2 , the respective projections of t 1 and t 2 in the Metathesaurus, then t 1 and t 2 could be aligned if:
• CUI 1 =CUI 2 , this corresponds to the "Exact Mapping".
• there is a parent of t 1 or t 2 which maps t 2 or t 1 respectively, this corresponds to "Broad Mapping" and/or "Narrow Mapping": these are used to state mapping links through hierarchies.
• there is explicit mapping between CUI 1 and CUI 2 , this corresponds to the non-transitive "Close Mapping": two concepts are sufficiently similar that they can be used interchangeably.
The algorithm is carried out sequentially and stops when a candidate term for mapping is found. As an application of this, even if an explicit mapping comes from other terminologies in UMLS, e.g. ICD-9-CM and SNOMED CT (Imel, 2002 ) not part of terminologies under consideration, explicit mappings between two terminologies can be "reused" for other terminologies by using the UMLS concept structure (Fung & Bodenreider, 2005) .
Lexical approach
In this approach, Natural Language Processing (NLP) tools adapted for the English and French languages) are used to link terms from different terminologies in the HMTP. The lexical approach allows us to find a term in the target terminology that is the most lexically similar to a given term in a source terminology. Table 3 . Examples for each type of conceptual mapping.
Lexical approach for medical terminologies in French
This approach uses a French NLP tool and mapping algorithms developed by the CISMeF team to map French medical terminologies (Merabti, 2010; Merabti et al., 2010a; . These tools were initially developed in previous works for information retrieval (Soualmia, 2004) and extended to link terms in multiple French medical terminologies:
• Remove stop words: frequent short words that do not affect the phrases such as "a", "Nos", "of", etc are removed from all terms in all terminologies in the HMTP.
• Stemming, a French stemmer provided by the "Lucene" software library which proved to be the most effective for automatic indexing using several health terminologies (Pereira, 2007) . Mapping used by this approach may provide three types of alignments between all terms: • Exact correspondence: if all words composing the two terms are exactly the same.
• Single to multiple correspondences: when the source term cannot be mapped by one exactly target term, but can be expressed by a combination of two or more terms. • Partial correspondence: in this type of mapping only a part of the source term will be mapped to one or more target terms.
Examples for each type of mapping are given in Table 4 . In this work, we describe only exact correspondences. 
Type of correspondance
Lexical approach for medical terminologies in English
In this approach we use lexical tools in English developed by the NLM (Browne et al., 2003) and included in the Lexical tool of the UMLS (see section 3.1). These tools were designed to aid users in analyzing and indexing natural language texts in the medical field (McCray et al., 1994; Peters et al., 2010) . They include essentially :
• the LVG (Lexical Variant Generator): a Multi-function tool for lexical variation processing; • Norm 13 : a program used to normalize English terminologies included in the UMLS ;
• WordInd: a tool used to tokenize terms into words.
In this work we have used the normalization program ("Norm"). The normalization process involves stripping genitive marks, transforming plural forms into singular, replacing punctuation, removing stop words, lower-casing each word, breaking a string into its constituent words, and sorting the words into alphabetic order. We have considered here only the exact correspondences. This type of mapping is easy to evaluate in English and the "not exact" correspondence will be useful for the translation of English terms into French. Several tools based on these techniques were used to map between medical terminologies. As an example, the authors in (Wang et al., 2008) used tokenisation and stemming techniques to map ICPS-2 with the SNOMED CT. It is also the case for the lexical techniques proposed by the NLM in the UMLSKS API. The NLM also created (Aronson, 2001 ) a tool to identify biomedical concepts from free textual input and map them into concepts from the UMLS. Authors in (Johnson et al., 2006) used the Lucene API to found relations between Gene Ontology (GO) and three other biomedical ontologies.
Structural approach
This approach is based on hierarchical relations and was used to align the remaining terms not mapped by the lexical approach. This mapping provides two types of correspondences:
• BroadMapping: when the remaining term has at least one parent (hierarchical relation broader than) mapped to at least one term.
• NarrowMapping: when the remaining term has at least one child (hierarchical relation narrower than) mapped to at least one term.
The work presented in (Bodenreider & McCray, 1998 ) is a good example that illustrates the use of the terminology relations to map terms not mapped with the lexical methods. This algorithm exploit the semantic relationships between concepts from different terminologies included in the UMLS.
Cases studies
In this section we present some cases of alignments between medical terminologies, essentially in French, to the UMLS, HMTP or other terminologies. 
Aligning the ORPHANET thesaurus to the MeSH thesaurus
In order to align the ORPHANET thesaurus, which describes rare diseases to the MeSH thesaurus, we have compared two methods. The first one uses the UMLS and an external manual alignment of ORPHANET terms to ICD10 codes. The second one uses only lexical-based approach without using the UMLS to make a direct and an automatic alignment between ORPHANET and MeSH. We also provide an evaluation and a comparison of these two methods. The MeSH thesaurus was chosen as the target terminology for comparing alignment strategies for two main reasons:
• the ORPHANET team needs to map each ORPHANET term to a MeSH term to allow a contextual link between an ORPHANET Web page for one ORPHANET rare disease (e.g. Marfan syndrome) and one corresponding PubMed query. The CISMeF team has strong experience with the MeSH thesaurus. Therefore, the evaluation will conducted done by a CISMeF expert.
• the MeSH thesaurus is the second largest terminology available represented in the UMLS and it freely available in the HMTP. Nevertheless, ORPHANET is now aligned to all French and English terminologies available in the HMTP and several relations from this terminology are also available (not freely) in the HMTP.
Methods
The first method "Manual ORPHANET-ICD10 link-based alignment" is based on the external manual alignment between ORPHANET and ICD10 terms performed by the ORPHANET team. In this approach, the link provided by the UMLS Metathesaurus between ICD10 and MeSH is used. Hence, an effective alignment exists between two terms ICD10 and MeSH if these terms share the same UMLS Concept Unique Identifier (CUI) in the Metathesaurus. For example, there is an effective alignment between the ICD10 term "Cushing syndrome" (Code: E24) and the MeSH term "Cushing syndrome" since they share the same UMLS Concept CUI: C0010481) (Table 5) . Table 5 . Example of UMLS and manual ORPHANET-ICD10 links based mapping.
ORPHANET
The second method is the "Lexical-based alignment" which is described in the section 5.2 This method allows us to find a term in the target terminology (MeSH) that is the most lexically similar, from a given term in the source terminology (ORPHANET). We have however also used a structural approach to align the remaining ORPHANET terms to the MeSH.
Evaluation & comparison
To evaluate the two methods, four sets of correspondences were derived from the results of the two methods applied to 2,083 ORPHANET terms manually aligned to the ICD10: • First set: The correspondences obtained by the first strategy "UMLS and manual ORPHANET ICD10 link-based alignment" and not by the second "lexical-based approach" (only manually found) • Second set: The correspondences found by the second method and not by the first (Only Lexical-based mapping found) • Third set: The discrepant correspondences found by both methods for the same ORPHANET term. For example, for the ORPHANET term "Tangier disease" the two methods found two different MeSH terms, the MeSH term "Hypolipoprotenemia" with the first method and the MeSH term "Tangier disease" with the second. • Fourth set: The correspondences found with both methods (the same correspondences).
A sample of 100 correspondences, randomly determined, from each set was evaluated by a physician (SJD), head of the CISMeF team. The following terms were used to describe the quality of each mapping result: (i)"relevant" the mapping between one MeSH term and one ORPHANET term was rated as correct; (ii) "non-relevant" when the mapping between MeSH and ORPHANET terms was considered by the expert as not correct; (iii) "BT-NT" the ORPHANET term was rated as broader than the MeSH corresponding term; (iv) "NT-BT" the ORPHANET term was rated as narrower than the MeSH corresponding term. For example, "Duchenne and Becker muscular dystrophy" is narrower than "muscular dystrophies" and (v) "Sibling" when the MeSH corresponding and ORPHANET term are siblings (from the MeSH point of view). For example, "Cryptophthalmia, isolated" is evaluated as the sibling of "microphthalmos".
Results
For the UMLS and manual ORPHANET-ICD10 link-based alignment: Among the 2,083 ORPHANET terms (28% of all ORPHANET terms) manually aligned to at least one ICD10 code, 619 possible correspondences were found for at least one MeSH term using the UMLS (30% from 2,083). For the lexical-based approach (only limited to the ORPHANET terms manually linked to ICD10), among the 2,083 ORPHANET terms linked manually to at least one ICD10 code, 593 possible correspondences were found for at least one MeSH term (28% from 2,083). However, 1,004 possible correspondences were found to at least one MeSH term (13% from 7,424) when this method was applied to the whole ORPHANET thesaurus. According to the results of each method we obtained:
1. The first set contains 327 correspondences were found only by the "UMLS and manual ORPHANET ICD10 manual alignments" and not by the "lexical-based alignment". 2. The second set contains the 306 correspondences were found only by the "lexical-based alignment". 3. The third set contains the 75 different correspondences were found by both methods with the same ORPHANET term. 4. The fourth set contains the 211 same correspondences were found by both methods.
The results of the evaluation of the correspondences obtained by each strategy independently are displayed in Table 6 . Overall 85% of correspondences obtained by method 2 (Lexical-based mapping) are ranked as relevant when only 21% of correspondences are ranked as relevant for the first strategy (UMLS and manual ORPHANET-ICD10 link-based alignment), whereas 32% and 15% of the correspondences obtained by methods 1 and 2 respectively are ranked as NT-BT (the source term is evaluated as narrower than the target term in the MeSH hierarchy). Table 7 displays the evaluation results for the third set containing different correspondences from the two strategies for the same ORPHANET term. For the first strategy (UMLS and manual Orphanet-ICD10 link-based alignment), overall 39 correspondences are evaluated as "BT-NT" when only 6 correspondences are evaluated as "relevant". For the second method (Lexical-based mapping), overall there are 62 correspondences evaluated as "relevant", whereas 8 correspondences are evaluated as "BT-NT". The results of evaluation for the fourth set containing the same correspondences derived by each method found relevant correspondences in 98% cases and BT-NT relations in 2% cases.
Relevant BT-NT NT-BT Sibling Non-relevant
First Set 21 2 32 0 45
Second Set 85 0 15 0 0 Table 6 . Evaluation results of the two sets of correspondences (correspondences found by each strategy only). Table 7 . Evaluation results of the fourth set of correspondences (for the same ORPHANET term different correspondences).
Relevant BT-NT NT-BT
Using a lexical-based approach (to all HMTP) 4,669 ORPHANET terms were aligned to at least one terminology from the HMTP. From this set of correspondences, 1,433 ORPHANET terms were aligned with at least one MeSH term (30%). On the other hand, from the remaining ORPHANET terms the structural alignments between ORPHANET and all the terms from HMTP provided: 1,513 ORPHANET terms in broader correspondence and 957 ORPHANET terms in NT correspondence. An ORPHANET expert has evaluated the two correspondences: lexical-based and structural. From 100 lexical-based alignments, 99% were evaluated as relevant and from 500 structural alignments 482 were evaluated as relevant, when 16 were evaluated as irrelevant.
Aligning the CCAM to the UMLS
The objective of this section is to describe an alignment method that may be used to integrate any medical terminology in French in the UMLS Metathesaurus. The alignment method has been used and evaluated to align the CCAM terminology (Classification Commune des Actes Médicaux) for procedures to the UMLS Metathesaurus. The CCAM is a multi-hierarchical structured classification for mainly surgical procedures used in France for reimbursement and policymaking in health care. Each procedure is described by a code using "CCAM Basic
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Coding System", which consists of coding: (1) body system/anatomical site or function, (2) action and (3) approach/method (see the Table 8 ).
NC
Bones of the leg
C Osteosynthesis
A
Open Approach
NCCA010
Osteosynthesis of tibial diaphysis fracture by external fixing Table 8 . Example of CCAM basic coding.
Method
The alignment method for mapping CCAM codes to UMLS concepts is based on the structure of the CCAM codes. However, it is impossible to assign one or more specific UMLS concept using only CCAM labels. This is mainly due to the length of CCAM labels. Indeed, there are 85% of CCAM labels that are composed of 5 or more than 5 words vs. only 5% of the MeSH descriptors. In this approach, only the first significant three characters that compose the CCAM code according to the anatomic and action axes are aligned with the UMLS Metathesaurus. For example, the CCAM code "MZQH001" that has the label "Arthrography of upper limb with scanography [Arthroscan ofupper limb]", is represented according to the first significant three characters with "Bones, joints and soft tissues of upper limb, multiple locations or not specified + Arthrography". In this context we have used the lexical-based method described in section 5.2 to align the first three characters of each CCAM code. This alignment provides three types of correspondences between all terms in source terminologies and French terms of the UMLS Metathesaurus: (i) exact, (ii) Single to multiple and (iii) partial(see Table 9 ). Table 9 . Examples of the three types of mappings using the lexical-based approach.
CCAM code Anatomic axis
Evaluation
Evaluation was performed on all correspondences from the "exact" set and for only 100 correspondences from the "Single to multiple" set. We chose only 100 mappings because in most cases the same codes with the same first three characters are mapped to the same terms (HLHH003, HLHH004. . .). Qualitative evaluation was performed by a physician, expert in CCAM codes and in UMLS. The following terms were used to rate the quality of each
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Aligning Biomedical Terminologies in French: Towards Semantic Interoperability in Medical Applications www.intechopen.com correspondence: (i) "equivalent" the UMLS concept corresponds exactly to the CCAM code; (ii) "BT-NT" when the CCAM code was rated as broader than the UMLS concept according to the label of the CCAM and the preferred terms (PTs) in the UMLS concepts; (iii) "NT-BT" the CCAM code was rated as narrower than the PTs in the UMLS concept; (iv) "incomplete" when the UMLS concept only reflects some part of the CCAM label and (v) "irrelevant" when the correspondence was considered by the expert as incorrect. For example, the correspondence between the CCAM code "HLFA001" (label: "Right hepatectomy, by laparotomy") and the UMLS concept C0193399 (preferred term: "Lobectomy of liver") was rated as NT-BT because the UMLS concept is narrow and less precise than the CCAM label. However, for the "Single to multiple" set, the expert performed the evaluation in two steps: (1) each pair (CCAM axe, UMLS concept) is evaluated independently and (2) the correspondence between the CCAM code and the combination of the UMLS concepts is evaluated in this second phase. For example, evaluating the correspondence between the CCAM code "AAFA003" and the two UMLS concepts: C006104 (preferred term: "Brain") and C0919588 ((preferred term: "Exeresis"), (i) first, the expert evaluates each axe with corresponding UMLS ((Brain, C006104) =equivalent and (Exeresis, C091958) =equivalent)); (ii) second, the expert evaluates the correspondence between the label and the combination of the two UMLS concepts (AAFA003, (C006104, C091958) =NT-BT).
Results
Using this method, there are 5,212 (65%) CCAM codes out of the 7,926 CCAM codes used in this study that provide possible correspondences from the CCAM to French terms in the UMLS. The results of each type of correspondence are displayed in Table 10 . There are 2,210 (27.5%) correspondences according to both the anatomic and action axes. In the other hand, there are 1,716 (21%) correspondences according to the anatomic axis alone and 1,286 (16%) correspondences according to the action axis. Overall, 65% of the correspondences "anatomic terms" in the CCAM codes are aligned to at least one UMLS Concept and 37% of the correspondences "action terms" in the CCAM codes are aligned to at least one UMLS Concept. For the set of exact correspondences (n=200), 182 (91%) correspondences between CCAM codes and UMLS concepts were rated as NT-BT and only in 9 cases where they rated as equivalent (see Table 11 ). For the set of single to multiple correspondences (n=100), 61 (61%) and 44 (44%) of the anatomic and the action axes respectively are equivalent to at least one UMLS concept. According to this type of correspondence, 27 (27%) correspondences between CCAM code and at least one UMLS concept were rated as exactly equivalent, when 54 were rated as NT-BT (see Table 12 ).
Type of mapping Number of mappings Exact 200(2.5%) Single to multiple 2,010(25%) "Exact" Partial mapping 3,002(37.8%) Relevant BT-NT NT-BT Incomplete Irrelevant Total 9 (4.5%) 0 (0%) 182 (91%) 3 (1.5%) 6 (3%) 200 Table 11 . Evaluation results of the "exact" correspondence set. Table 12 . Evaluation results of the "Single to Multiple" correspondence set (n=100).
Global results
Conceptual approach
There are 199,786 correspondences exist between at least two French terms from UMLS (25,833 (ExactMapping), 69,085 (CloseMapping) and 104,868 (Broader and /or NarrowerMapping)). In contrast, from the 25,833 terms rated "Exactly", 15,831 come from SNOMED International whereas only 296 come from ICPC2 (Table 13 ). The three types of correspondences ("Exact", "Broader" and/or "Narrow" and "Close") are included in the HMTP (see Figure 1 ). Table 13 . Number of terms from each terminology having exact correspondence (conceptual approach).
Lexical approach
There are 266,139 correspondences exist between at least two terms of the HMTP (English and French). However, the majority of correspondences have not yet been evaluated. Terminologies included in the HMTP in English and French were aligned using the two lexical approaches. Table 14 displays a fragment of the entire matrix mapping between all terminologies of the HMTP. For example, the MeSH, SNOMED International, ORPHANET and ATC terminologies were aligned using English and French lexical approaches. However, some terminologies were mapped using an English (SNOMED CT, PSIP Taxonomy) or French (CISMeF, DRC) lexical approach alone. All exact correspondences were integrated into the HMTP (Figure 2 ).
Use of alignments
8.1 Alignments for information retrieval
Information retrieval
Thanks to the multiple inter and intra terminology relations derived, the information retrieval results can be improved and can better respond to user's queries through "query expansion" or "query reformulation". Inter and Intra relations will be used to ensure navigation between terminologies. Thus, we can find all the possible connections between the terms of query in a given terminology and all other terms in other terminologies. This process can widen the scope of the search for the user according to its context without impacting the relevance of the information or the precision of the system. For example, according to the mapping between the MeSH term "Hearing aids" and the SNOMED Int term "Auditory system" we can expand the results and return all resources indexed by both terms.
InfoRoute
InfoRoute ) is a French Infobutton (Cimino et al., 1997) developed by CISMeF. It allows the search of the main institutional websites to access high-quality documents available in French on the Internet. The CISMeF team selected fifty websites produced by high-quality Internet publishers (Figure 3) 
Alignments for translation
Methods developed to align biomedical terminologies were also used to translate automatically several biomedical terminologies. For example in (Deléger et al., 2010) we have combined the UMLS-based approach (conceptual approach) and a corpus-based approach to translate MEDLINEPlus ® Topics from English into French. The first method based on the conceptual approach brought translations for 611 terms (from 848 MEDLINEPlus PT), 67% of which were considered valid. In , we have compared two methods to translate the FMA terms into French. The first one used the conceptual approach based on conceptual information from the UMLS Metathesaurus. The two approaches allowed semi-automatic translation of 3,776 FMA terms from English into French, which was added to the existing 10,844 French FMA terms in the HMTP (4,436 FMA French terms and 6,408 FMA terms manually translated). The same approaches were used to translate 114,917 SNOMED CT English terms (40%) to at least one French term. For the FMA translation for example, evaluation methods demonstrated that 59% of the translations were rated as "good" for lexical approach and 69% for the conceptual approach. These approaches are integrated into the HMTP to translate automatically English terms to French. However, to improve the quality of the trans-lation a manual validation is needed in parallel of this automatic processing.
Discussion
In this chapter, we have presented the problem of integrating heterogeneous sources of medical terminologies such as thesauri, classifications, nomenclatures or controlled vocabularies to allow semantic interoperability between systems. Terminology alignment is the task of creating links between two original terminologies. These links could be equivalences, correspondences or relations between terms and concepts having the same meaning but expressed with different labels. We have also presented the main methods that are commonly used for alignment between ontologies and show how we have derived them for medical terminologies. Structural methods are independent of language but the lexical ones we have presented stand for medical terminologies expressed in English and French. We have also proposed a method for evaluating sets of correspondences. All the sets of correspondences and relations we have derived are used in different contexts of information retrieval through the CISMeF catalogue and accessed through the Health Multiple Teminologies Portal developed at Rouen University Hospital. The essential difference between the alignments included in the HMTP and BioPortal (Ghazvinian et al., 2009a) is that the latter has applied lexical matching of preferred names and synonyms in English to generate alignments between concepts in BioPortal ontologies. Thus, they may miss a connection between two ontologies that actually have a significant amount of overlap in terms of the actual concepts they represent simply because these concepts have different lexical structures in the two ontologies. However, users can browse the correspondences, create new correspondences, upload correspondences created with other tools, download the correspondences stored in BioPortal, or comment on them and discuss them. Many works on aligning medical terminologies have been published recently showing that it is an active research area. In (Alecu et al., 2006) , when mapping MedDRA to SNOMED CT instead of considering an unmapped MedDRA term, they considered its mapped ancestor by exploiting hierarchical relations (structure level approach). In (Bodenreider, 2009 ) when mapping SNOMED CT to MedDRA hierarchical relations from SNOMED CT, which are far more fine-grained than those from MedDRA, were exploited and enabled on the whole over 100 000 new mappings. However these two studies attempted to find correspondences of MedDRA terms as such, without completing the approach from a lexical standpoint trying for example to decompose and then align them to more than one SNOMED CT term. Indeed, in (Ghazvinian et al., 2009b ) the comparison of different alignment approaches for medical terminologies shows that simple lexical methods perform best since medical terminologies have strongly controlled vocabularies and share little structure. Finally a specific browser was designed in order to align frequent MedDRA terms with SNOMED CT terms (Nadkarni & Darer, 2010) . It was enriched with simple synonyms from the UMLS and considered decompositions of MedDRA terms. In (Diosan et al., 2009 ) the authors propose an automatic method for aligning different definitions taken from general dictionaries that could be associated with the same medical term although they may have the same label. The terms are those included in the CISMeF database. The method used is based on classification by Support Vector Machines derived from methods for aligning sentences from bilingual corpora (Moore, 2002) . In (Milicic Brandt et al., 2011 ) the authors present a similar method for creating mappings between the ORPHANET thesaurus of rare diseases and the UMLS, mainly for aligning it with SNOMED CT, the MeSH thesaurus and MedDRA. The authors also use the lexical tool Norm included in the UMLS Lexical Tools to normalize terminologies included in the UMLS and normalize the ORPHANET thesaurus by "aggressive" normalization adding more steps in the process for example removing further stop words such as "disease" or "disorder". In (Mougin et al., 2011 ) the authors present a method for mapping MedDRA and SNOMED CT via the UMLS. They propose an automatic lexical-based approach with normalization, segmentation and tokenization steps. This approach is completed by filtering terms according to the UMLS Semantic Network: if mapping is exact but the terms do not belong to the same Semantic Type, the resulting
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Aligning Biomedical Terminologies in French: Towards Semantic Interoperability in Medical Applications www.intechopen.com mapping is eliminated from the sets of mappings to be evaluated. However, this method of filtering cannot be applied when a terminology is not included in the UMLS. The evaluation in this study is quantitative and qualitative and the aim was to explore adverse drug reactions in clinical reports. Nonetheless, these correspondences are not used in concrete applications that propose semantic interoperability between systems such as the HMTP.
Conclusion
To summarize, we were able to achieve automatic alignment between Biomedical Terminologies. The methods we have proposed be applied to map English or French terms. The results obtained through these methods differ according to type of terminology and number of target terms used to map the source terminology. These methods are also used to translate some English terminologies to French (SNOMED CT, MEDLINEPlus). 
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